Value for X = 0 and a = 1/7.5 = 2.790 mrad/yr.
A simple scheme is given whereby one can write down any one of a large number of possible sets of co-ordinates, to use in an N-particle problem, which have the property of expressing the relative kinetic energy of the system in diagonal form. This gives a Schrddinger equation without cross-derivatives. These sets of coordinates can be visualized in terms of certain "mobile" models. It is easy to construct a "mobile" which leads to a co-ordinate set appropriate to a particular physical problem.
In treating the kinematics of a many-body problem by either classical or quantum mechanics, it is desirable to shift from space-fixed co-ordinates to relative coordinates and separate off the motion of the center of mass. The resulting expressions for the kinetic energy usually contain cross-terms in the relative velocities or momenta. The presence of these cross-terms greatly complicates the dynamics. It was the presence of such cross-terms which led Eyring and Polanyil to skew the relative co-ordinates in treating the interaction of three hydrogen atoms. Their skewed co-ordinates represent a new set of relative co-ordinates, which is indeed a special case of the general co-ordinates without such cross-terms which we shall consider here.
There are a great many different sets of relative co-ordinates which yield an expression for the kinetic energy of relative motion in diagonal form. One of these sets has been considered previously by Hirschfelder and Dahler.2 They found that the kinetic energy of an N-particle system has the form' Here the mi and ri are the masses and co-ordinates, respectively, of the ith particle and Mk = ml+m2+m3±+ . +mk.
The last of the co-ordinates QN, is the square root of the mass of the system times the position of the center of mass, and the corresponding term 1/20N2 is the kinetic energy of the center of mass. Each of the other co-ordinates is proportional to a vector connecting the center of mass of the previously considered particles to a new particle. This new particle is thus brought into the expanding group of particles connected together by co-ordinates. If rTC is the center of mass of the first k particles, size, and the process continued until all the particles are connected together. The last co-ordinate connects the center of mass of the entire system to the fixed reference frame. This is the usual centerof-mass co-ordinate. The technique is illustrated by the mobile diagram of Figure 2 , which shows another possible co-ordinate system for the same set of six particles illustrated in Figure 1 .
Other classes of co-ordinate systems may be obtained by dividing the N-particle system into subsystems, each of which is considered separately. The kinetic energy for the N-particle system is the sum of the kinetic energies for the individual subsystems. An example of this procedure is shown in Figure 3 . 
All the other co-ordinate vectors join the center of mass of a set of particles, A, to the center of mass of another totally distinct set of particles, B. If we use the symbol aEA to mean that the particle a is contained in the set A, then the mass of the set A is given by MA = E ma,, and the position vector of the center of mass aeA of the set of A particles is given by rc(A) = (Emra)/AIA.
aceA A set of particles can contain one or more particles. For a one-particle set, rc(A) is the position of the particle. All the co-ordinate vectors except the last one can then be expressed in the form qi = rc(A) -rc(B).
Later in this paper it is shown that the kinetic energy has the form
and Qua= <#if. 
Other classes of co-ordinate systems may be obtained by dividing the N-particle system into subsystems, each of which is considered separately. The kinetic energy for the N-particle system is the sum of the kinetic energies for the individual subsystems. An example of this procedure is shown in Figure 3 .
The choice of the best co-ordinate system depends upon the nature of the physical problem. For example, if we considered a collision between two diatomic molecules (1, 2) and (3, 4), then the Hirschfelder-Dahler co-ordinates would be extremely awkward. Instead, the natural system of co-ordinates would be those shown in Figure 4 , either a or b. In Figure 4 , a, the co-ordinates of the two diatomic mole- cules are considered to be completely independent, whereas, in b, the co-ordinates of the center of mass of the four-atom system have been separated off. If the molecules remain intact throughout the course of the collision, these co-ordinate systems remain satisfactory.4 If, however, the collision results in a chemical reaction taking place to form the molecules (1, 3) and (2, 4), then the natural coordinates at the end of the collision are those shown in Figure 4 , c or d.
Proof of Diagonal Kinetic Energy.-The procedures described for constructing mobiles leads to co-ordinate systems each containing N co-ordinate vectors for a set of N-particles. For a particular mobile, each co-ordinate qk is related to any of the other co-ordinates, q1, in one of three ways. If qk joins the centers of mass of the sets A and B and q, joins the centers of mass of the sets C and D, then the three cases are: (1) the sets A and B are completely independent of the sets C and D; (2) the sets C and D are contained in either A only or B only; (3) the sets A and B are contained in either C only or D only. The center-of-mass coordinate, qN, joins a set A containing all the particles to the co-ordinate axes. Hence qN is related to all other co-ordinate vectors in accordance with Case 2.
These relations guarantee that the kinetic energy contains no cross-terms and enable one to write down the equations in relative co-ordinates immediately. We give here the proof for the quantum-mechanical case, but the classical case is completely equivalent.
The Hamiltonian in fixed co-ordinates is
i 2mi
We wish to obtain a new set of co-ordinates by a co-ordinate change which has the form qj = E Airi, 
k Using this formula, we may transform the Hamiltonian to the new co-ordinates: 
i Mi the kinetic energy expression has no cross-derivatives as desired, and the "reduced masses" appearing in the transformed Hamiltonian are given by
i mi
We must show that our method produces sets of co-ordinates defined by the At satisfying conditions (24) and calculate the reduced masses, using (25).
Let A and B be two groups of particles, and qk a co-ordinate vector between them, defined by MA aeA a a MB 5EB in which MA is the total mass of A, and MB is the total mass of B. We see that the AN"s are defined as follows: 
The Afk defining other co-ordinates can be given similarly. Let q, be any other co-ordinate. We wish to show that E-AikA i = 0.
(24') Mi Three cases are possible: Case I. The definition of q1 does not involve any of the particles of either A or B. In this case either A t or Ail is zero in every term of the summation over i, and hence the sum is zero. Case II. The ql is a vector between the centers of mass of two subsets of either A or B. We will assume for simplicity that these sets belong to A and denote them by C and D:
Since all t MD teD Since all the other terms in the sum will be zero, we may restrict the summation over i to a sum over the particles in C plus a sum over the particles in D. There are similar relations between the Wigner co-ordinates and our co-ordinates of Fig. 4 In the present work we have applied the method of microwave electron-spin resonance to the study of radiation damage to certain lipids, hormones, and vitamins. In the accompanying paper on the nucleic acids and their constituents, references are given to descriptions of the theory and experimental methods which are employed. The samples, which were in a powdered form, were irradiated by a kilo-curie cobalt 60 e-ray source. They were irradiated and observed under vacuum, were later exposed to air or oxygen and observed again at various intervals.
ZE-AiAAil
The steroid lipids and hormones are too complicated in structure to permit any detailed or complete interpretation of the paramagnetic resonance spectra induced by irradiation of them. Nevertheless, it has proved possible by comparison of the resonances produced in related steroids which differ only slightly in composition or structure to gain information about the relative effects of ionizing radiation upon various members of this biologically significant class of compounds.
Sitosterol, Cholesterol, and Cholic Acid. Sitosterol and cholesterol have the same steroid ring structure, CH3 X CH3 HO/ and differ only in the group X, which is CH(CH3)(CH2)3CH(CH3)2 for cholesterol and CH(CH3)((CH2)CH2)CH(C2H5)CH(CH3)2 for sitosterol. Upon irradiation in a high vacuum with ionizing gamma rays, they give the same type of resonance pattern, a triplet with a doublet substructure, apparently arising from three coupling protons, two with equivalent coupling and the third with somewhat less cou-
